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ABSTRACT 

Water is essential for human consumption and usage. The people of Igbariam-Achalla areas are 

yet to get access to 50liters of potable water daily. The area under study is underlain by the Imo 

Formation. The formation in the mapped area consists of thick series of clay shale interstepped 

with thin sand bodies and limestone lenses as revealed by borehole lithologs. Borehole drillings 

to depths of 350 -530 meters within and around the study area have not been very successful due 

to the shally nature of the underlying lithologies. The costs to exploit these aquifers are high and 

locals can hardly afford it. Water-quality analysis results for the surface waters indicate the pH 

values to be 5.3 to 6.6. Turbidity values ranges from 2.9 to 5.9 mg/l, conductivity values obtained 

ranges from 180 – 300 µs/cm while total dissolved solids ranged between 120 to 160 mg/l. 

Chemical analysis of calcium determined is between 11.2 to 14.3 mg/l, sodium is from 6.3 to 13.6 

mg/l and magnesium from 1.3 to 1.6 mg/l. The bicarbonate ion ranges from 20.3 to 83.6 mg/l 

while sulfate concentrations are 3.4 to 6.0 mg/l. No phosphorus or nitrate ions were detected from 

any of the sample. Microbial analysis results were positive for fecal and total coliform counts 

probably due to human and livestock pollution of the surface waters. The Physiochemical 

analyses present results that do conform to standards established by W.H.O and S.O.N for 

drinking water quality. A calcium-bicarbonate water type which is fresh and soft classifies the 

hydrogeochemical facie of the surface water found within the area. Alternative water supply 

sources are sought for. Hand-dug wells have been put in places but are yet to meet the water 

demand of the people. Rainfall harvesting has been proposed as an alternative source of water 

supply. Rainfall harvesting systems (surface and subsurface reservoir) which when properly 

constructed and maintained will address the water supply problem facing the people.  

 

Keywords: Igbariam-Achalla, Imo Formation, borehole drillings, shally terrain, drinking water 

quality, rainfall harvesting 

 

1. INTRODUCTION 

Water is essential and vital for human consumption and to life in general. Over eighty five percent 

(85%) of southeast Nigeria is in the rainforest region where there are abundant water sources. The 

people of Igbariam - Achalla area are yet to have access to 50 liters of safe potable water daily 

due to the underlying geology; a shally terrain. The scarcity of water around the area intensifies as 

the dry season sets in. Hand-dug wells and surface waters get dry up and where found are more or 

less not fit for consumption. Borehole drilling projects are not very successful when executed as 

aquifers occur at great depths and cost of exploitation is prohibitive which the local indigenes 

cannot afford. The cost of inviting water supply tankers is very high as suppliers charge very 

exorbitant rates. Alternative water supply sources are herein sought for. Rainfall harvesting in the 

tropical regions of the world is practiced for domestic, commercial and agricultural purposes 

(Pacey, A. and Collins, A., 1986; Lee, M.D. and Visscher, J.T., 1992). Household rainfall 

catchment systems are very appropriate in areas with average rainfall greater than 200mm per 
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year and no other accessible water source (Sharma, P.C. and Sen, P.K., 2001). Similar work had 

been carried out by Okpoko, et al., (2013); they investigated the use of local technologies in 

harvesting rainwater as a source of water supply for the people of Awka-Aguata areas of southeast 

Nigeria. This current research hence presents conclusive remarks and recommendation of rainfall 

harvesting which if effectively managed and constructed will solve the water scarcity problem 

facing the people. 

The study area is bounded by latitudes 06º 201 N and 06º 251 N and Longitudes 006º 571 E and 

007º 041 E with a total land area of about 60km2 (Figure 1). Major settlements include Achalla, 

Nando, Igbariam, Ugbene and Amanuke. 

 

 

 

 
 

Figure 1. Location and drainage map of the study area. 

 

 

1.1.Physiography and Drainage 

The Ukpo-Abagana-Oraukwu-Orlu upland is the major physiographic feature around the study 

area. The cuesta slopes north-west and north-east at about less than 2º into the plains of the Niger-

Anambra River and Ezu River respectively. The upland is undulating in nature consisting of 

highlands and lowlands. The highland contains the more resistant rocks such as sandstone while  
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the lowland constitutes the less-resistant rocks (mudrocks) and this represents the plains. The 

study area lies northwards just after the intersection of the upland with the Niger-Anambra plain 

(Figure 2). Streams, rivers and springs drain the study area. Major surface waters include Abube 

stream Mmiri Achalla stream and Ezu River flowing north of Igbariam (Figure 1).The volume of 

the surface water changes with the seasons, as during the rainy season water volume increases but 

decreases rapidly as the dry season sets in. Most of the rivers and streams in the area flow in a 

northwesterly to southwesterly direction all emptying into the Niger River resulting in a dendritic 

drainage pattern. 

1.2.Climate and Vegetation 

The climate of the area is tropical and is characterized by two major seasons; rainy and dry 

season. The rainy season begins in the month of March and last till October with a break in 

August called the “August break”. During the dry season, little or no rainfall is recorded and this 

spans four months of November to February. Annual rainfall is between 1,400mm and 2,250mm 

(NIMET, 2018). The relative humidity is 24% with annual temperature condition of about 24ºC to 

27ºC but as low as 17ºC to 19ºC at night. The annual atmospheric pressure is between 1010.0 

millibars to 1072.1 millibars (Monanu and Inyang, 1975; Iloeje, 1985). The study area lies within 

the Evergreen Rainforest belt of Nigeria (Balogun, 2009). Palms, Mahogony, Obeche and Iroko 

with thick undergrowths of climbers and epiphytes characterize the vegetation of the area. 

Figure 2. 3-D Physiographic map of part of southeastern, Nigeria. Study area encircled. 

(Source: Okpoko, 2018a). 

1.3 Geologic and Hydrogeologic Setting 

The study area lies within the Anambra Basin. The basin is a Cretaceous depocenter that receives 

Campanian to Paleogene sediments after the Santonian upliftment of the Abakaliki region of the 

southern Benue Trough (Short and Stauble, 1967; Murat, 1972; Nwajide, 1979, 1990). The 

Anambra Basin is roughly triangular in shape, covering an area of about 40,000km2. The 

Campano-Maastrichtian period saw the deposition of the Nkporo Group and the Coal Measures; 

Mamu, Ajali and Nsukka Formation (Obi, 2000). The Imo Formation, Ameki Group and 

Ogwashi-Asaba Formation were deposited into the basin during the Paleogene times  

 

(Nwachukwu, 1972; Kogbe, 1976; Nwajide, 1980; Egboka and Okpoko, 1984; Hoque and 

Nwajide, 1985). The Ogwashi-Asaba Formation underlies the Benin Formation (Reyment, 1965, 
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Nwajide, 2013). The Benin Formation (Miocene to Recent) progrades unto the surface of the 

Anambra Basin (Odumodu, 2014). In these study four boreholes return-samples were 

systematically logged against depth. One geologic unit was encountered (Figure 3). This unit 

represents the Paleocene Imo Formation. It consists of thick alternating series of clay shale 

(Figure 4a). Lenses of limestone occur within the shale (Figure 4b). The series changes from 

clayey-shale into fossiliferous shale which weathers into stiff hard black clay towards the base. At 

the top it gradually changes from silty-clay into bentonitic clay and into millimeter scale pebbly 

sands (Figure 4c).

The lithologies of Imo Formation constitute units that are aquitards and aquicludes in 

nature as they have little or no potentials to transmit water. Gravelly sands our within the 

formation at depths around 20 – 70meters, the hand-dug well taps water from the zone. At 95-105 

meters below ground surface, very fine-medium grain sand facies intersteps the shale sequence, 

these sands do not usually sustain pumping and tends to dry up. Exploiting prolific aquifers within 

this unit requires drilling beyond the Imo Formation some 1000m past the Nsukka Formation into 

the Ajali Formation (Nfor, et al., 2007). The cost of exploiting these deep aquifers is high and 

prohibitive and inhabitants in the area can hardly afford it. There is also risk of drilling abortive 

boreholes because most times professionals are not usually involved during the borehole drilling.  

 

 

 
 

Figure 3. Geologic map of the study area.
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2. MATERIALS AND METHODS 

Materials employed for the study includes field notebook, pen, pencil, measuring tape, gum, 

leather bag, Global Positioning System (GPS), topographic map (Onitsha Sheet, 300), plastic  

 

water bottle, camera. The research methodology was a field-desk study approach. Road network, 

relief and drainage pattern were indicated on the base map reproduced from the topographic map. 

Observations made during field trip were recorded in the notebook. Coordinates of the study area 

and selected borehole sites were measured using the GPS. Meteorological data for rainfall, 

temperature and evaporation rates for the years 1993 to 2017 were obtained from the Nigeria 

Meteorological Agency, Abuja for Awka area. Three representative surface water samples were 

collected and analyzed for their physical, chemical and microbial variables. Collection of water 

samples were made using plastic water bottles and were sent to the laboratory within 12hours. 

Results were compared with W.H.O (2014) and S.O.N (2007) standards. 

  

3. RESULTS AND DISCUSSION 

Table 1 shows the value of rainfall, temperature and evaporation rate from 1993 to 2017 for the 

study area. Rainfall ranges from 1525.4mm to 2670.3mm. This shows that the area experience 

substantial amount of rainfall yearly. Borehole log from boreholes drilled within the study area 

reveals a predominantly shally terrain consisting of thick series of clay-shale with thin 

interstepping sand bodies and limestone lenses. Borehole drilling within the area has not been 

very successful as most of the projects are being abandoned. Water-quality analysis results for the 

surface waters indicate the pH values to be 5.3 to 6.6. Turbidity values ranges from 2.9 to 5.9 

mg/l, conductivity values obtained ranges from 180 – 300 µs/cm while total dissolved solids 

ranged between 120 to 160 mg/l. 
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Chemical analysis of calcium determined is between 11.2 to 14.3 mg/l, sodium is from 6.3 to 13.6 

mg/l and magnesium from 1.3 to 1.6 mg/l. The bicarbonate ion ranges from 20.3 to 83.6 mg/l 

while sulfate concentrations are 3.4 to 6.0 mg/l. No phosphorus or nitrate ions were detected from 

any of the sample (Table 2).  

Microbial analysis results were positive for fecal and total coliform counts probably due to 

human and livestock pollution of the surface waters. All variables except pH, magnesium, fecal 

and total coliform counts conform to the standards of W.H.O., (2010) and S.O.N., (2007). The pH 

is slightly acidic. The magnesium ion however exceeded its maximum permissible level for SON,  

(2007). The fecal and total coliform counts were positive and hence do not conform to 

both the standards of W.H.O and S.O.N. A calcium-bicarbonate water type which is fresh and soft 

classifies the hydrogeochemical facie of the surface water found within the area.  

 

Table 1. Amount of rainfall, average maximum and minimum temperature (November-

March), average maximum and minimum temperature (April-October), and average 

evaporation rate from 1993-2017 for Awka area. (Source: NIMET, 2018). 
Year Rainfall (mm) Dry (Nov-Mar) Wet (Apr-Oct) 

Aver Max-Min temp Aver evap. rate Aver Max-Min temp Aver evap. Rate 

1993 1,627.0 33.9-23.3 6.8 31.0-23.6 4.2 

1994 2081.7 34.3-23.3 4.7 30.8-23.4 1.9 

1995 2477.9 34.1-24.8 4.2 31.3-23.1 1.9 

1996 1826.7 34.4-24.1 3.9 30.9-23.5 2.2 

1997 1907.0 35.5-24.8 4.7 31.9-23.4 2.1 

1998 2086.7 33.6-24.3 5.1 30.8-24.2 2.4 

1999 2505.1 34.4-25.1 4.0 30.9-23.6 2.4 

2000 1893.0 34.7-24.2 5.1 30.8-23.5 2.5 

2001 1555.9 34.5-25.1 4.3 31.9-23.6 2.4 

2002 1525.4 34.7-24.2 4.7 31.5-23.6 2.2 

2003 1881.1 34.6-25.1 4.3 31.5-23.6 2.1 

2004 2089.6 34.4-24.9 4.5 30.8-23.7 2.2 

2005 1897.8 34.1-24.1 4.1 31.3-24.1 2.2 
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2006 1703.2 34.5-23.4 3.3 31.1-23.6 1.5 

2007 2026.8 35.0-22.4 4.0 31.5-23.5 1.9 

2008 2056.7 34.8-21.9 4.6 31.1-23.3 1.8 

2009 2154.6 34.7-23.4 3.1 31.6-23.4 1.8 

2010 1585.9 35.9-23.3 3.3 31.7-23.7 1.9 

2011 2455.8 34.3-23.3 3.3 31.8-21.9 1.6 

2012 2359.9 34.8-21.9 3.5 30.7-20.9 1.8 

2013 2567.4 34.5-25.1 3.1 31.8-21.5 1.3 

2014 2670.3 34.8-22.9 3.0 31.6-20.9 1.8 

2015 2600.0 33.8-21.7 4.9 30.8-21.9 1.2 

2016 2430.4 32.8-21.2 5.8 34.8-21.9 2.5 

2017 2330.0 30.8-20.6 4.7 30.0-20.1 1.5 

 

 

3.1.Rainfall Harvesting System Model 

On the basis of tackling the water supply issue facing the communities, the locals resort to sinking 

hand-dug wells. The hand-dug well taps the pebbly sand and the weathered clay-shale. During the 

rainy season the water table rises and supplies sufficient water into the well. As the dry seasons 

sets in the water table falls drastically coupled with the increased evaporation rate (Table 1) 

emptying the hand-dug wells. Geologic, topographic, human and livestock factors all greatly 

contribute to the water scarcity of the area. Techniques put in place to tackle the water scarcity 

issue in the area all prove abortive. Rainfall values ranged from 1525.4mm to 2670.3mm which 

indicate that the area experiences an average rainfall greater than 2000mm per year and hence 

very appropriate for rainfall harvesting. Okpoko, et.al., (2013) investigated the local technology 

adopted by the people of Awka-Aguata area of southeast Nigeria to harvest rainwater as a means 

to tackle the water-stress facing them. The study showed that the rainfall harvesting systems 

collected and stored rainwater during the rainy season and ensured availability of water for 

consumption, industrial and agricultural purposes during the dry period. 

 

The rainfall harvesting system to be constructed in the study area will involve the use of u-

shaped aluminum and galvanized iron sheets. They are to be hanged from the roof and fitted into 

a bucket-like funnel for collecting the rainwater (Figure 5a). The rainwater collected will be 

channeled into large concrete subsurface reservoir and surface tanks. The concrete reservoir will 

measure 6m x 6m x 4m in dimension and will be built on pillar supports (Figure 5b). Adequate 

structural designs are to be carried out to prevent collapse or leakage into the earth housing the 

reservoir (Figure 5c). The concrete reservoir will have a storage capacity of 144m3 of water, 

smaller polyvinyl chloride (PVC)tanks of 4500 and 9,000 liters capacity will also be put in place 

for storing water as supplementary containers. A schematic design of a typical rainfall harvesting 

system is shown in Figure 5d. 

 

Table 2. Water quality analysis of three surface waters from the study area compared to the 

S.O.N, (2007) and W.H.O (2010). 
Parameters Ali 

Stream 

Abube 

Stream 

Mmiri 

Achalla 

SON WHO 

      

Ph 6.6   5.3 6.5-8.5 6.5 – 8.5 

Temperature (ºC) 28 27 26 Ambient 25 

Appearance Cloudy Dirty and 

cloudy 

Cloudy - Clear 

Color (Pt-Co) 8.9 9.1 10.2 15 50 
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Turbidity (NTU) 2.9   5.9 5 10 

Conductivity (µS/cm)  180    300 1000 500 

Calcium (mg/l) 11.2 10.5 14.3 - 200 

Magnesium (mg/l) 1.3 1.1 1.6 0.2 250 

Sodium (mg/l) 6.3 10.2 13.6  200 

Sulfate (mg/l) 3.4  4.2 6.0 100 400 

Chlorine (mg/l) 0.1 0.8 1.5 250 250 

Bicarbonate (mg/l) 20.3 83.6 62.3 - 500 

Carbonate (mg/l) 8.1 9.8 12.3 - 500 

Nitrate (mg/l) 0 0 0 50 10 

Phosphate (mg/l) 0 0 0 - 10 

Iron (mg/l) 0.1 0.0 0.01 0.3 0.3 

Total hardness (mg/l) 6.4 4.3 5.2 150 1.0 

TDS (mg/l) 120  100 160 500 500 

Silica (mg/l) 0.01 0.00 0.03 - - 

Feacal coliform 

(CFU/100 ml) 

4.0 7.5 8.9 0 Nil 

Total coliform 

(CFU/100 ml) 

12.0 8.0 13.0 10 10 

 

4. CONCLUSION 

The locals of Igbariam - Achalla area in southeast Nigeria are usually faced with water supply 

problems in the dry season of the year. Despite the geographical positioning of the area within the 

rainforest belt of Nigeria where water is common, the people are yet to have access to 50liters of 

safe potable water for drinking, industrial and agricultural purposes owing to the geologic, 

topographic, and anthropogenic activities. Boreholes drilled within the study have not been very  

 

successful as boreholes have been drilled down to 500 meters depth without encountering sand 

units. The boreholes will have to be drilled down further as to encounter aquiferous units (Ajali 

Formation). The cost of exploiting these deep-seated aquifers is very high and locals can hardly 

afford it. Water-quality analysis carried out on surface water samples gave results which do not 

conform to standard limits of W.H.O and S.O.N for drinking water. Hand-dug wells which were 

constructed in places as a means to resolve the water problem of the area do not meet the water 

demand of the people as the well tends to dry up during the dry season. The study area boasts of 

an average rainfall of about 1525.4mm to 2670.3mm indicating that the area experiences adequate 

amount of rainfall. Rainfall harvesting is therefore proposed as an alternative source of water 

supply. The absence of large-scale industries within the study area which might supply toxic gases 

to the atmosphere supports this proposal as acidic rains are likely not to be collected. Rainfall 

harvesting systems properly constructed and effectively managed will solve the water supply 

problems facing the people of Igbariam - Achalla.  
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Future Research Recommendation: Further research is recommended which will investigate the 

physiochemical characteristics of rainwater in and around the study area as well as conduct 

geophysical surveys in the area to determine water level depths. 
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